Seeds were considered germinated when the radicle length was greater than half the seed length.
Introduction
where Y is the cumulative seed germination percentage, MSG is the maximum seed germination 123 percentage, t50 is the time to 50% maximum seed germination, and Grate is the slope of the curve
124
[31].
125
Maximum seed germination and germination rate responses to osmotic potential were 126 analyzed using quadratic (Eq. 2) and linear (Eq. 3) regression functions. Based on the highest 127 coefficient of determination (r 2 ), MSG was modeled using a quadratic function whereas SGR procedure of SAS. Means were compared using Fisher's protected least significant difference at 144 P < 0.05 probability. The Environmental Productivity Index (EPI) was utilized to quantify the 145 soil moisture stress effects on estimated seed germination-based parameters such as MSG, SGR,
146
SGROPmax, and MSGOPmax [34, 35, 36] . To obtain soil moisture stress indices for the above 
Maternal effects on seedling vigor

155
To examine the transgenerational effects of soil moisture stress on seed emergence and seedling 156 vigor, the F1 generation from experiment 2 was exposed to three levels of drought stress, 100%, fertigated with full-strength Hoagland's nutrient solution delivered through an automated and 167 computer controlled drip irrigation system. Soil moisture contents were monitored using than seed formed under drought stressed environments (Fig 3 and 4) . For a given osmotic water species concerning adverse maternal environments [6, 11, 43] .
238
Maximum seed germination and rate
239
Similar to cumulative percent germination, drought stress during the reproductive growth stages 240 of the maternal line caused a decrease in the maximum seed germination and germination rate in 241 the F1 generation (Table 3) . Moreover, maximum germination for most osmotic potentials was 242 inversely correlated with parents stress level at the time of seed formation (Fig 5) . Seed 243 germination rate was correlated with osmotic stress, and the relationship was best described by a 244 linear regression model (mean r 2 = 0.95) (Fig 6) . The effect of osmotic potential on maximum 245 germination and the rate of germination could be due to reduced imbibition of water and 246 subsequent effects on embryo growth and development.
247
The transgenerational effect of drought stress on MSG and SGR differed between 248 cultivars and was exasperated when the F1 generation was exposed to increased osmotic 249 potentials (Table 3 ). The seeds from 20% ET maternal environment showed the lowest MSG for 250 both Asgrow AG5332 (Fig 5a) and Progeny P5333RY (Fig 5b) cultivars, where they showed 26 251 and 22% reduction in MSG compared to their parents. The rate of decline was greater for
252
Progeny P5333RY relative to Asgrow AG5332 as osmotic potential increased from 0.0 to 0.9
MPa.There were transgenerational differences in seed germination parameters for cultivar and ( Fig 7a) ; with heavier and bigger seeds tending to germinate much earlier and faster. The two 277 soybean cultivars showed significant differences (P<0.05) for seed weight, seed protein (Fig 7b) , 278 palmitic acid (Fig 7c) , and nitrogen (Fig 7e) except sucrose (Fig 7d) and phosphorus (Fig 7f) . (Table 5) , and the effect was exasperated as the average soil moisture content (Fig 9) decreased 319 from 0.14 to 0.07 m 3 m 3 (Fig. 10) . Pooled over cultivar, seeds from a maternal environment receiving 20% ET replacement. The slower rate of emergence from soybean seeds that 322 developed in a 20% ET replacement environment might be due to the effect of drought stress on 323 seed mass and quality [9, 42] .
324
Drought stress imposed during the reproductive stages of soybean also had a transferable 325 effect on shoot growth and developmental traits (Table 5) . Pooled over cultivar, parameters 326 measured at 29 days after seeding, decreased in response to increasing soil moisture stress for 327 plant height (Fig 11) , leaf area, and biomass components. The leaf area (Fig 12b) , stem and leaf 328 dry weights, and total weight (Fig 12c) for leaf area and total dry weight, respectively, compared to its mother plant (Fig 12) .
335
Also, a number of root tips, forks, and crossings were also lower in soil moisture stressed 336 offspring compared to their parents (Fig 13) . Regardless the maternal environmental effects, all 337 the soybean plants showed less lateral branching close to the surface layer and more taproot 338 elongation towards the deeper layers of soil under sub-optimal soil moisture conditions (66 and 339 33% FC), compared to the optimum irrigation (100% FC) (Fig 14) . Having a longer tap root 340 system could be a drought-adaptive mechanism to increase water and nutrient uptake under 341 stressed conditions [45, 46] . Overall, parental plant and the plant from optimum maternal 342 environment had highly branched, longer, and thicker root system compared to the root systems 343 of offspring plants from stressed maternal environments (Fig 14) .
Similar to growth and developmental traits, physiological and gas-exchange traits of the significance at the P ≤ 0.05, P ≤ 0.01, P ≤ 0.001, and non-significant (P ≥ 0.05), respectively. 
